The computational study of iron(II) 1,2,4-4Htriazole complexes was performed to determine structure and stability of [Fe 4 (Htrz) 
Introduction
A spin transition (ST) material is a material with two properties, that is, it is capable of displaying two different magnetic properties with any specific external disturbances. Those external disturbances that may result in the changes are, among others, change in temperature, change in pressure, light induction, and polymer formation 1, 2, 3, 4 . Material with the ST features can be used for various applications such as switches or sensors caused by light, temperature, pressure, and other physical treatments. In addition, the compounds with TS features can also be used for a data storage requirement, so that data storage can use materials in molecular scales 5, 6 . One of the complexes with the ST properties is a complex formed between iron(II) with 1,2,4-4H-triazole ligand. Experimental observations have disclosed that iron(II) with a 1,2,4-4H-triazole ligand complex in low spin condition is lilac in color and diamagnetic, whereas when the temperature is raised, this complex is colorless and paramagnetic. This change in property occurs reversibly at around room temperature and is also affected by the types of anion and the number of water molecules.
The previous experiments 7, 8 showed that one of the 1,2,4-4H-triazole ligands is deprotonated, so that a complex with structure of [Fe 4 (Htrz) 8 (trz) 4 ] 4+ was obtained. Meanwhile, another experiment demonstrated that there was no deprotonated ligand, so they obtained a complex with a structure of [Fe 4 (Htrz) 12 ] 8+ 9 . A computational study of deprotonated complexes, especially for the Fe(II) 1,2,4-4H-triazole complex, has not been conducted by previous researchers.
This study is to determine the amount of energy differences computationally for the formation of [Fe 4 (Htrz) 8 12 ] 8+ complexes and to compare complex stability of both structures. Due to unavailability of experimental structure of these complexes, the geometry estimate from the structure of copper(II) complex of triazole. Based on XRD measurement, the complex compound formed from copper(II) ion with 1,2,4-4H-triazole is polymeric with triazole ligand as its bridge. Since the single-crystal structure of the [Fe(Htrz) 2 
trz]
+ complex has not been successfully determined previously, then the Cu(II) complex of triazole was made as a model for geometry optimization of Fe-triazole structures. , showed that the complex formed a polymer in which the 1,2,4-4H-triazole ligand act as a bridge between Fe(II) ions as illustrated in Figure. 1. With the usage of visualization of geometry optimization results it is drawn the iron(II) 1,2,4-4H-triazole complex structure that also play as comparator of experimental results. Using the DFT means of the properties from energetic, molecules geometries, and the molecular interactions. The Hohenberg-Kohn theory and the other theory of DFT provide the knowledge and determination some problem in the physic and chemistry 12 . In relation with the TPSS method (Tao, Perdew, Staroverov, and Scuseria) as revision of the PKZB's (Perdew, Kurth, Zupan, and Blaha) approach and the MGGA (meta-GGA) functional stabilizer has been discussed 13 . The variable section of the TPSS functional has a general form of a gradient-enhanced LSDA exchange, as it is illustrated in equation 1.
Theoretical Study
(1)
Where is the σ component of LSDA exchanges energy per particle, and is a relatively complementary complementary factor with one value for the uniform density. The correlation part of TPSS is not separated into spin-up and spin-down components in equation 2.
(2)
is the revised PKZB correlation energy per particle, and d is a nonempirical constant. The globally hybrid form of the MGGA functional is obtained by combination between TPSS with exact exchange in equation 3.
The TPSSh functional has an empiric parameter with optimal value as a = 0.1 was determined by minimizing the absolute deviation enthalpy of the 223 G3/99 molecules using the 6-311++G (3f,3pd) basis set.
Discussion about TPSS's meta-GGA in adiabatically hybrid version (one parameter) and the Perdew, Burke, and Ernzerhof's (PBEs) GGA adiabatics for determining excited energy. The calculation products showed that TPSS and TPSSh methods provide a product of exited energy fitted with experimental product, and develop a local adiabatic spin density approach, especially in adiabatic PBE GGA 14 . Based on computational results to determine atomic and molecular properties by comparing it with the experimental results. For atomic property, it is obtained that energy from spherical atom and ion demonstrated that TPSS's meta-GGA is more accurate compared with LSD, PBE GAA, and PKZB's meta-GGA. Meanwhile, the molecular properties determination showed that atomization energy and bond length are paid more properties attention in examining a new method in quantum chemistry 15 . The study of computational with TPSSh methods give result better accuracy. The theoretical NMR study for cation-π interactions in ethylenic complexes 16 . High-level ab initio calculations on the NiO 2 system 17 . Calculations Mӧssbauer and electrochemical investigation of ferrocenyltelluride derivatives 18 . Determination for atomization energies of molecules and surface energies of solid 15 . Determination energies to all electrons and reasonable spintransition temperature 19 . The computational study for complexes of iron(II) with various ligand which transition spin characteristic have been conducted by previous research's 20, 21, 22, 23 .
Methodology
The determination from various character of complex coming from the transition metal requires for computational methods that involve electronic correlation effect. The investigative products on 20 types of molecule showed that TPSS's meta-GGA has a similar accuracy with the PKZB's meta-GGA in determining of atomization energy from a specific molecule and has a far better accuracy level in determination of bond length compared with the PKZB's meta-GGA 15 . Computational calculation used DFT, TPSSh function and TZVP basis set. The software used consists of the Gaussian 09, Revision D.01 (Frisch et al., 2013) 24 and Jmol see its visual output. The data get from product computational with Gaussian software is used to determine the stability complex as thermo chemistry data 25 .
In a computational study, the compound structure data as bond length and bond angle is require used as input data. The structure data of the 1,2,4-4H-triazole-iron(II) complex has not been successfully determined, thus calculate computational used structure data the 1,2,4-4H-triazole -cooper(II) complex. 10 . In this study, there are two focus, they are determination of complex structure and determination of complex stability. A brief description about it would be explored as followings:
Prediction of complex structure
The determining of complexes structure with optimization are obtained bond length and bond angle data in Fe(II) 1,2,4-4H-triazole complex. In this study, the investigated complexes are the complexes of [Fe 4 (Htrz) 8 
Determination of complex stability
The stability of complex measured based on stability energy obtain at bond forming between iron(II) ion and the ligand in the oligomer form. E stability = E oligomer -(E Fe-ion + E ligand ). The complex compound in which one of its ligand is deprotonated has the formula as the [Fe 4 (Htrz) 8 
Result 4.1 Determination of Complex Structure
The computational jobs were geometry optimization for determining structure of complex compounds of [Fe 4 
Determination of complex stability
The result of computational using the Gaussian 09 24 , they are obtained the energy of Fe(II) ion, Htrz, trz -1 , undeprotonated complexes and deprotonated complexes. Through such data utilization, it is determined the amount of energy differences in that complex formation. The result for computational data and the energy differences of the [Fe 4 (Htrz) 8 8+ complexes using several level of theory and basis set are presented in Table 3 . 27 . Based on comparison of bond length and bond angle for the Cu(II) 1,2,4-4H-triazole complex for measurement the experimental result with the geometry optimization result by the computational has a similarity, so that it is predicted that Fe(II) H-triazole polymeric structure is similar with the Cu(II) H-triazole polymer structure illustrated in Figure. 1. The detail comparison structure data result geometry optimization with experimental data proposed comparison bond length and bond angle. The result geometry optimization of distance between Fe(II) ion is 3.48Ǻ -3.68Ǻ. Meanwhile, based measurement EXAFS distance between Fe(II) ion is 3.65Ǻ
27 . The result geometry optimization of bond length Fe-N is 1.97Ǻ -2.00Ǻ. Meanwhile, experimental result bond length for Cu(II) complex is 1.991Ǻ -2. . In equatorial position, the result of geometry optimization bond angle N-Fe-N for Fe (II) .
Based on energy difference data presented in Table 3 used to compare energy differences between the [Fe 4 (Htrz) 8 Figure 3 . 12 ] 8+ complexes. The comparison between those two complexes is consistent for all computational results using several level of theory and basis set.
Conclusions
Based on computational results, the predicted structure of [Fe 4 (Htrz) 8 
